Reyniers and Sacksteder (10) were able to induce tumors in Japanese quail raised under germ-free or conventional conditions by infecting them with high doses of the Bryan strain of Rous sarcoma virus (RSV). Bryan RSV has also been shown to induce the formation of pocks on the chorioallantoic membrane of Japanese quail embryos (8) and foci in secondary cultures of quail embryo fibroblasts (2) .
Later Rauscher, Reyniers, and Sacksteder (9) showed that the Bryan strain of Rous sarcoma virus could be serially propagated in the breast muscle or wing web of adult Japanese quail of the T-2 strain. The standard virus could not be serially passed in quail embryos unless it had first been passed 10 times in quail wing web. All attempts to isolate leukosis viruses from normal or experimentally infected adult quail or embryos were unsuccessful.
More recently, Shipman and Levine (12) observed that, although the several strains of Rous sarcoma virus they tested were able to induce tumors upon primary inoculation, only the Bryan and Harris strains could be serially passaged in the wing web. Their 10th passage of the virus was found to contain Rous-associated A preliminary report of these data was presented at the 67th Annual Meeting of the American Society for Microbiology, New York, N.Y., 2 May 1967. 2Present address: Department Previous studies with baby chicks and turkey poults showed that high titers of infectious virus could be recovered from a variety of tissues when the birds were infected with standard Bryan RSV (13) .
Similar studies were undertaken with Japanese quail to determine the distribution of infectious virus after intracerebral or subcutaneous inoculation of standard Bryan virus.
MATERIALS AND METHODS
Virus. Stable, frozen, standard Rous sarcoma virus (RSV) of the Bryan strain prepared from chicken tumor tissue by differential centrifugation (6) was kindly supplied by Frank J. Rauscher of the National Cancer Institute and stored in a dry-ice chest at -70 C until needed. Dilutions of the virus were made in 0.85% sterile saline containing 2% inactivated normal horse serum and 100 units of penicillin G and 100 ,ug of streptomycin sulfate per ml. For subcutaneous inoculation, 0.1 ml of virus suspension was inoculated into the web of the left wing. To avoid leakage, the 0.75-inch (1.8-cm), 26-gauge needle fitted to a l-ml tuberculin syringe was passed through the muscle and into the subcutaneous tissue of the wing web. Beginning with the 1st day after infection, each bird was examined daily for the appearance of tumors at the site of inoculation. For intracerebral inoculation, 0.02 ml of the virus inoculum was injected by means of a 0.25-inch (0.6-cm), 27-gauge needle. The birds were lightly anesthesized with ether before inoculation. Immediately prior to use, the tissue samples were thawed and homogenized in a mortar with ROUS SARCOMA VIRUS IN JAPANESE QUAIL alundum and an amount of diluent sufficient to make a 10% suspension (weight/volume). The homogenates were clarified by centrifugation at 2,000 rev/min for 20 min in a refrigerated model PR-2 International centrifuge. The supernatant fluids were collected and used as the cell-free extracts.
Collection of sera and antibody titration. Blood was collected from the quail by cardiac puncture. The blood samples were allowed to clot at room temperature and stored overnight at 4 C. The serum which was then obtained by centrifuging each sample at 2,000 rev/min for 20 min was stored at -20 C until needed. All sera were inactivated by heating at 56 C for 30 min. Growth curve of RSV in the brain of Japanese quail. In the initial growth curve experiment, 75 nine-day-old quail of the T-2 strain were infected with a 10-1 dilution of standard Bryan RSV (CT-912) by inoculating 0.02 ml into the right cerebral hemisphere. The quail were then divided into two groups of 45 and 30 birds each, and beginning with the first day after infection two birds were sacrificed daily, at random, from one group. Their brains were collected, pooled, and subsequently assayed for virus content. The birds in the second group were not sacrificed, but were allowed to die from the disease. The growth curve of the virus in quail brain and the mortality rate are illustrated in Fig. 1 . One can see that the growth curve obtained is similar to that obtained when chicks (4) or turkey poults (1) were infected intracerebrally with RSV. Infectious virus disappeared from the brain after inoculation. After an eclipse period during which no infectious virus was detectable, virus began to appear at 2 days and reached peak titers in the brain samples at 7 days, at which time quail in the second group began to become moribund. All quail in this second group were dead by 13 days.
Distribution oJ infectious virus. Previous studies with baby chicks and turkey poults (13) showed that high titers of virus could be recovered from a variety of tissues, namely, brain, kidney, liver, lung, and spleen, when RSV was injected intra- cerebrally or subcutaneously into those avian hosts. For the sake of orientation, data excerpted from that report are summarized in Table 1 . To determine the distribution of virus in Japanese quail after intracerebral injection, a group of 9-day-old quail were infected as previously described, but, in addition to brain, other tissues were collected and assayed for virus content. The results obtained are shown in Table 2 . In this experiment, infectious virus was detectable in quail brain at 3 days and reached maximal The distribution of infectious viruses in quail after subcutaneous wing web inoculation of standard Bryan RSV was also studied. In this experiment, a group of quail were infected by injecting 0.1-ml amounts of a 10-2 dilution of Bryan RSV into the wing web of 9-day-old quail. It should be noted that tumors appeared in the wing web of all the quail by the 3rd day, but were not large enough to collect for assay until about 10 daily and the appearance of tumors was recorded. Usually the first three tumors to appear were collected, and from these a 10% cell-free extract was prepared and used as the inoculum for the next passage. In this manner, the virus could be propagated easily for at least 14 passages without any apparent loss of potency. During the passage series, tumors began to appear 1 to 2 days after infection and generally all birds were positive by the 4th day (Fig. 2) .
Intracerebral passage of Bryan RSV in Japanese quail was less successful. As with the wing web passage series, the brain passages were initiated with standard Bryan RSV (CT-912). Each of 30 quail was inoculated with 0.02 ml of a 10-1 dilution of the virus. At this and each subsequent passage, three birds that were first to become moribund were sacrificed and their brains were collected and pooled. Cell-free 10% extracts were prepared and used for the next subsequent passage in 20 to 30 quail. Deaths were recorded, and the mean time to death was calculated for each passage. The results of the intracerebral passages are illustrated in Fig. 2 . One can see that, when standard virus was used for the brain passage series, each passage resulted in a progressive loss of potency as evidenced by the increase in mean time to death. Cell-free extract prepared from the fourth brain passage failed to kill any quail.
In an attempt to establish another brain passage series, a 10% cell-free extract of tumors obtained from the 9th quail wing web passage was used as the inoculum to initiate the series. However, similar results were obtained. After an apparent stabilization of potency in the first few passages, each subsequent passage resulted in a decrease in potency until, finally, no deaths occurred when a large number of quail were inoculated with cell-free brain extract from the seventh passage.
Distribution ofRS V after serial passage. Severa samples collected during the serial passage of RSV in the wing web or brain of quail were col- quail. None could be recovered from the lung, spleen, kidney, liver or blood samples collected from these moribund birds.
Similarly, cell-free extract from the sixth passage of RSV in quail brain was also tested. The data summarized in Table 5 show that, in this experiment, most tissue samples, including it still had the capacity to induce wing web tumors in 100% of a group of quail by 13 days. In contrast, cell-free extract obtained from the 13th wing web passage had the capacity both to kill birds after intracerebral inoculation and to induce tumors in 100% of quail inoculated subcutaneously. When quail were inoculated subcutaneously with cell-free extract obtained from the 9th passage of RSV in quail wing web, high titers of infectious virus could be found only in tumors at the site of inoculation. Occasionally, low titers of virus could be found in other tissues, notably the spleen. These data are summarized in Table 6 .
Production of antiviral antibodies. To determine whether antiviral antibody was produced, various dilutions (10-1, 104, 10-6) of standard Bryan RSV (lot TV-14) were inoculated into the wing web of groups of 2-to 3-week-old quail. At various times after inoculation, tumors from individual birds were collected and assayed for virus content. Concomitantly, serum from the same bird in each case was tested for its capacity to neutralize standard Bryan RSV inoculated onto the chorioallantoic membrane. The results are illustrated in Fig. 4 , where it can be seen that, at all levels of initiating dose of virus, individual tumors contained highest titers of virus when they were collected 1 to 2 weeks after infection. Antibody levels were low at this time. Later, as antibody levels increased, there was a corre- (Fig. 5) . In this experiment, none of the corresponding brain extracts from birds that provided the sera contained any detectable virus. This may be due to the low potency of the extract employed. One will recall from Fig. 2 that samples from the fourth intracerebral passage killed no quail. Nevertheless, low levels of antiviral antibody could be detected in the sera of birds inoculated with this material and sacrificed from 23 to 51 days after inoculation.
DIscussIoN
Several reports in the literature have described the growth of Bryan RSV in the wing web and brain of baby chicks or turkey poults (1, 4, 5, 13, 14) . Spencer and Groupe (14) observed that the injection of birds with large doses of Bryan RSV resulted in the induction of tumors at the primary site of inoculation, i.e., brain or wing web, followed later by the formation of metastatic tumors in various tissues of the infected host. The presence of a high-titered viremia and the sequence of in situ changes leading to malignancy, observed in various tissues studied, prompted the authors to conclude that direct viral action was at least one major mechanism responsible for the formation of metastatic tumor foci. When they injected large doses of Bryan RSV intracerebrally or subcutaneously into baby chicks or turkey poults, high titers of virus could be recovered from tissues that showed gross or histological evidence of malignancy. In addition, however, in many cases, appreciable amounts of virus could be detected in tissues that were apparently free from tumors when examined grossly or histologically.
The data described in this report show that the Bryan strain of RSV can be serially propagated in the wing web but not in the brain of the T-2 strain of Japanese quail. Contrary to the results obtained with baby chicks and turkey poults (13) , infectious virus can be found at the site of inoculation and tumor formation, but not in most of the other tissues examined. In this particular study, the tissues collected and assayed for virus content were apparently free from macroscopic tumor foci. However, no histological sections of these tissues were examined and, therefore, metastatic tumors too small to be seen with the naked eye may have been overlooked inadvertently. Serial passage of the virus in quail wing web did not substantially result in an increase in the titer of virus in various tissues of the infected quail, nor did it result in virus progeny that could be more readily passaged in quail brain. The data show that neutralizing antibody can be detected in the sera of quail infected subcutaneously or intracerebrally with the virus. Although the presence of antibody might account for the absence of virus in tissues collected several weeks after inoculation, it would appear more likely that other factors are responsible for the absence of detectable virus in various tissues collected before 2 weeks, and for the failure of Bryan RSV to propagate serially in quail brain. It has been shown that the production of mature infectious Bryan RSV particles is contingent upon the presence of a helper virus, Rous-associated virus (6, 11) . It also has been reported that normal Japanese quail and quail embryos of the T-2 strain are free from or refractory to infection with some avian leukosis viruses (9) , suggesting that the helper virus, which may be one of several leukosis viruses, may not replicate efficiently in this species. Hence, one might possibly explain the inability to propagate Bryan RSV in quail brain serially by the progressive loss of the helper virus, resulting from its failure to replicate optimally at this site. At each passage, the brain extracts used for initiating the infection should then contain less of the helper, thus resulting in less infectious Bryan RSV so that eventually no birds die when inoculated with the cell-free brain extract. Such a loss in potency of the serially passaged brain extracts is illustrated in Fig. 2. =5;
